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(57) ABSTRACT

In an organic electroluminescent apparatus according to the
present 1nvention, 1n arranging organic electroluminescent
devices each having an organic layer having luminescent
properties provided between a first electrode and a second
clectrode 1n a separated state, and a barrier having electrical
insulating properties with a predetermined pattern 1s pro-
vided on the organic layer, to separate the organic electrolu-
minescent devices from each other by the barrier.

11 Claims, 4 Drawing Sheets
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ORGANIC ELECTROLUMINESCENT
APPARATUS AND METHOD OF
FABRICATING THE SAME

This application 1s a division of prior application Ser. No.
09/211,041 filed Dec. 15, 1998, now U.S. Pat. No. 6,232,
713.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to an organic
clectroluminescent apparatus having a plurality of organic
clectroluminescent devices each having an organic layer
having luminescent properties provided between a hole
injection electrode and an electron injection electrode 1n a
separated state and a method of fabricating the same, which
1s characterized 1n that the plurality organic electrolumines-
cent devices each having the organic layer having lumines-
cent properties provided between the hole injection elec-
trode and the electron injection electrode are simply and
suitably arranged 1n a separated state, and particularly the
plurality of organic electroluminescent devices can be suit-
ably separated from each other even when the organic layer
having luminescent properties contains a macromolecular
material.

2. Description of the Related Art

In recent years, the needs of flat panel display devices the
consumed power and the size of which are smaller than
those of a CRT (cathode-ray Tube) which has been hereto-
fore generally employed have been increased as information
cquipments are diversiiied, for example. An electrolumines-
cent device has been paid attention to as one of the flat panel
display devices.

The electroluminescent device 1s roughly divided into an
inorganic electroluminescent device and an organic elec-
troluminescent device depending on a used material.

The morganic electroluminescent device 1s so adapted
that a high electric field 1s generally exerted on a luminance
portion, and electrons are accelerated within the high electric
field to collide with a luminescence center, whereby the
luminescence center 1s excited to emit light.

On the other hand, the organic electroluminescent device
1s so adapted that electrons and holes are respectively
injected 1nto a luminescent portion from an electron injec-
fion electrode and a hole injection electrode, the electrons
and the holes thus injected are recombined with each other
in a luminescence center to bring an organic molecule 1nto
its excited state, and the organic molecule emits fluorescence
when 1t 1s returned from the excited state to 1ts ground state.

In the case of the morganic electroluminescent device, a
high voltage of 100 to 200 volts 1s required as its driving
voltage because a high electric field 1s exerted as described
above. On the other hand, the organic electroluminescent

derive can be driven at a low voltage of approximately 5 to
20 volts.

In the case of the organic electroluminescent device, a
light emitting device emitting light 1n a suitable color can be
obtained by selecting a fluorescent material that 1s a lumi-
nescent material. It 1s expected that the organic electrolu-
minescent device can be also utilized as a multi-color or
full-color display device, for example.

In recent years, fabricated as an organic electrolumines-
cent apparatus such as an organic electroluminescent panel
has been one having a plurality of organic electrolumines-
cent devices, described above, arranged thereon in a sepa-
rated state.
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Conventionally 1n fabricating the organic electrolumines-
cent apparatus having the plurality of organic electrolumi-
nescent devices arranged thereon 1n a separated state, a hole
injection electrode has been generally formed 1n a predeter-
mined pattern on a transparent substrate such as a glass
substrate and separated, and an organic layer and an electron
injection electrode which are formed on the hole 1njection
clectrode have been also respectively formed 1n predeter-
mined patterns and separated.

Although an operation for forming the hole injection
clectrode formed 1n a predetermined pattern on the trans-
parent substrate and separating it, as described above, par-
ticularly presents no problem, an operation for respectively
forming the organic layer and the electron injection elec-
trode 1n predetermined patterns on the hole 1njection elec-
trode and separating them presents a problem.

Specifically, the organic layer used for the organic elec-
troluminescent device 1s generally low 1n heat resistance,
solvent resistance, and humidity resistance. When the
organic layer and the electron injection electrode formed on
the organic layer are formed 1n predetermined patterns by
photolithography or the like, there are some problems. For
example, a solvent 1in photoresist enters the organic layer, the
organic layer 1s dissolved 1 an etchant, and an organic layer
1s damaged by plasma at the time of dry etching.

Therefore, the organic layer and the electron injection
clectrode have been heretofore generally formed 1n prede-
termined patterns by evaporation using a mask member.
When they are thus evaporated using the mask member,
however, fine processing cannot be performed.

In recent years, an organic electroluminescent apparatus
so adapted that a hole injection electrode 1s formed 1n a
suitable pattern on a transparent substrate, a barrier having
clectrical insulating properties with a suitable pattern 1is
provided on the transparent substrate, an organic layer and
an electron 1njection electrode are successively laminated by
evaporation from above the barrier, and the organic layer
and the electron injection electrode are respectively sepa-
rated by the barrier has been proposed, as disclosed in
JP-A-8-2277276, JP-A-8-315981, JP-A-9-102393, etc.

In JP-A-8-315981 and JP-A-9-102393, m providing a
patterned barrier 3 on a hole 1njection electrode 2 formed on
a transparent substrate 1, an upper surface 3a of the barrier

3 1s increased 1n size to provide an overhang portion, as
shown 1 FIG. 1.

When an organic layer 4 1s evaporated from above the
barrier 3 having the overhang portion thus provided by
increasing the size of the upper surface 3a, the organic layer
4 1s not formed under the overhang portion, so that an
exposed part of the hole mjection electrode 2 remains under
the overhang portion. When the electron injection electrode
5 1s then evaporated, the electron 1njection electrode 5 may
be short-circuited upon being formed on not only the organic
layer 4 but also the exposed part of the hole injection
clectrode 2.

In recent years, an organic layer having luminescent
properties using a macromolecular material that 1s high in
heat stability and 1s superior in durability has been paid
attention to.

The organic layer containing the macromolecular material
can be generally formed simply by dipping or spin coating.
When the patterned barrier 3 1s provided on the hole
injection electrode 2 formed on the transparent substrate 1 as
described above, however, the barrier 3 interferes with the
formation. Therefore, it 1s difficult to form the organic layer
4 using the macromolecular material by the above-
mentioned method.
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In the case of the above-mentioned organic layer contain-
ing the macromolecular material, erosion by an etchant or
the like 1s restrained. Consequently, 1t 1s considered that an
clectron 1njection electrode 1s provided on the organic layer
containing the macromolecular material, and the electron
injection electrode 1s formed 1n a predetermined pattern by

photolithography or the like.

When the electron injection electrode 1s formed 1n a
predetermined pattern by photolithography or the like,
however, 1t 1s difficult to control etching because the thick-
ness of the electron 1njection electrode 1s generally small.
Therefore, the etchant penetrates into a portion between the
organic layer containing the macromolecular material and
the electron 1njection electrode, so that some problems
occur. For example, contact characteristics between the
organic layer and the electron 1njection electrode are
degraded. When an electrode material having a small work
function such as magnesium 1s used as a material composing
the electron injection electrode such that electrons are efli-
ciently mjected into the organic layer from the electron
injection electrode, some problems occur. For example, the
electron 1njection electrode 1s degraded upon being oxidized
by water or the like of the etchant, so that light cannot be
stably emutted.

SUMMARY OF THE INVENTION

An object of the present mnvention 1s to make 1t possible
to arrange, 1n an organic electroluminescent apparatus in
which a plurality of organic electroluminescent devices each
having an organic layer having luminescent properties pro-
vided between a hole 1njection electrode and an electron
injection electrode are arranged with they being separated
from one another, the electroluminescent devices 1n a sepa-
rated state simply and suitably.

Another object of the present invention i1s to make it
possible to simply form, when an organic layer having
luminescent properties contains a macromolecular material,
the organic layer containing the macromolecular material
using dipping or spin coating as well as make 1t possible to
arrange organic electroluminescent devices 1n a separated
state stmply and suitably.

In an organic electroluminescent apparatus according to
the present invention, 1n arranging a plurality of organic
clectroluminescent devices each having an organic layer
having luminescent properties provided between a {first
clectrode and a second electrode 1n a separated state, a
barrier having electrical insulating properties 1s formed 1n a
predetermined pattern on the organic layer, to separate the
organic electroluminescent devices from each other by the
barrier.

An example of such an organic electroluminescent appa-
ratus 1s one comprising a first electrode formed 1n a prede-
termined pattern on a substrate, an organic layer having
luminescent properties provided on the first electrode, a
barrier having electrical insulating properties formed 1n a
predetermined pattern on the organic layer, and a second
clectrode formed on the organic layer upon being separated
by the barrier having electrical insulating properties.

A method of fabricating an organic electroluminescent
apparatus according to the present invention comprises the
steps of providing a first electrode 1n a predetermined pattern
on a substrate, providing an organic layer having lumines-
cent properties on the first electrode, providing a barrier
having electrical insulating properties with a predetermined
pattern on the organic layer, and providing a second elec-
trode separated by the barrier having electrical msulating
properties on the organic layer.

10

15

20

25

30

35

40

45

50

55

60

65

4

In the method of fabricating the organic electrolumines-
cent apparatus according to the present invention, the first
clectrode with a predetermined pattern 1s formed on the
substrate, the organic layer having luminescent properties 1s
provided on the substrate having the first electrode formed
thereon, the barrier having electrical insulating properties
with a predetermined pattern 1s provided on the organic
layer, and the electron 1njection electrode 1s provided from

above the barrier having electrical 1nsulating properties.
Consequently, the electron injection electrode 1s separated
by the barrier, so that the organic electroluminescent devices
are arranged 1n a separated state.

In the present invention, the barrier having electrical
insulating properties 1s provided on the organic layer. Even
when the upper surface of the barrier 1s increased 1n size to
provide an overhang portion, the first electrode 1s not
exposed under the overhang portion. When the second
electrode 1s formed, the second electrode and the first
clectrode are not short-circuited upon being brought into
contact with each other.

In the present invention, the organic layer 1s formed, and
the barrier 1s then provided on the organic layer. When the
organic layer 1s formed by painting the substrate having the
first electrode formed thereon with a macromolecular mate-
rial solution by the method of dipping or spin coating,
therefore, the barrier does not interfere with the formation.

Examples of the macromolecular material used for the
organic layer include macromolecular materials having fluo-
rescent properties such as a poly(p-phenylene vinylene)
derivative, polythiophene, and polyvinyl carbazole, and
macromolecular materials having electrical insulating
properties, 1n which a pigment 1s doped, such as polymethyl
methacrylate and polycarbonate.

In providing the barrier having electrically insulating
properties on the organic layer, when a macromolecular
material solution for barrier formation 1s applied, the applied
macromolecular material solution for barrier formation 1s
solidified, and the barrier having electrically insulating prop-
erties with a predetermined pattern 1s then formed by
ctching, used as the macromolecular material in the organic
layer 1s one which 1s insoluble in the macromolecular
material solution for barrier formation or an etchant.

Furthermore, 1 the present invention, when the barrier
having electrical insulation properties with a predetermined
pattern 1s provided on the organic layer, and an electrode
material 1s evaporated from above the barrier having elec-
trical insulating properties, to provide a second electrode on
the organic layer separated by the barrier having electrical
insulating properties, the second electrode formed on the
organic layer need not be formed in a predetermined pattern
upon being processed by an etchant. Therefore, the possi-
bilities that the etchant penetrates into a portion between the
organic layer and the second electrode as 1n the conventional
example, so that contact properties between the organic
layer and the second electrode are degraded, and the second
clectrode 1s degraded upon being oxidized are eliminated, so
that light can be stably emitted in each of the organic
clectroluminescent devices.

There and other objects, advantages and features of the
invention will become apparent from the following descrip-
fion therecof taken in conjunction with the accompanying
drawings which 1llustrate specific embodiment of the inven-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a partial explanatory view of a conventional
organic electroluminescent device;
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FIG. 2 1s a plan view showing a state where a plurality of
columns of hole injection electrodes are provided with
required spacing on a transparent substrate in an embodi-
ment 1 of the present invention;

FIG. 3 1s a schematic explanatory view showing the steps
of fabricating the organic electroluminescent apparatus in
the embodiment 1;

FIG. 4 1s a plan view showing a state where a plurality of
rows of barriers each having an overhang portion are pro-
vided on an organic layer so as to be perpendicular to hole
injection electrodes 1 the embodiment 1; and

FIG. 5 1s a schematic explanatory view showing the steps
of fabricating an organic electroluminescent apparatus in an
embodiment 4 of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

An organic electroluminescent apparatus according to an
embodiment of the present invention and a method of
fabricating the same will be specifically described on the
basis of the accompanying drawings.

(Embodiment 1)

In the present embodiment 1, a plurality of columns of
transparent hole 1njection electrodes 12 each composed of an
indium-tin oxide (ITO) were provided with required spacing
using a normal resist process on a transparent substrate 11
composed of glass, as shown in FIGS. 2 and 3 (A).

A hole transporting material composed of N,N'-diphenyl-
N'N-bis(3-methylphenyl)-1,1-biphenyl-4,4'-diamine (TPD)
indicated by the following chemical formula 1, a lumines-
cent material composed of a bis(10-hydroxybenzo[h]
quinolinate)beryllium complex (BeBq,) indicated by the
following chemical formula 2, and polymethyl methacrylate

indicated by the following chemical formula 3 were dis-
solved m dichloromethane. A solution thus obtained was
applied onto the transparent substrate 11 having the plurality
of columns of hole 1njection electrodes 12 formed thereon as
described above using spin coating, and was then solidified
upon being heated at a temperature of 120° C., to form an
organic layer 13 using a macromolecular material on the
transparent substrate 11 having the hole 1njection electrodes
12 formed thereon.

|Chemical formula 1]

O+O-0+0
Q. O

|Chemical formula 2]

CH, CH,

TPD
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-continued
|Chemical formula 3]
I
—¢CH ¢ o
COOCH;
PMMA

Positive resist 14' (Tokyo Ohka Kogyo K. K.: OFPR-
1000) was applied so as to have a thickness of 1.5 um, as
shown in FIG. 3 (C), to the organic layer 13 containing a
macromolecular material as described above, was heat-
treated, and was then exposed 1 a predetermined pattern
using a photomask 20, as shown in FIG. 3 (D), in accordance
with normal photolithography in the positive resist 14"
Thereafter, etching was made 1n such a manner that a part,
which has not been exposed, of the positive resist 14' would
remain, to provide a plurality of rows of barriers 14 each

having an overhang portion provided by increasing the size
of i1ts upper surface 14a on the organic layer 13 so as to be

perpendicular to the hole injection electrodes 12, as shown
in FIGS. 3(E) and 4.

An electron mjection electrode 15 composed of an Al—I1.1
alloy was formed by vacuum evaporation, as shown in FIG.
3(F), on the organic layer 13 having the plurality of rows of
barriers 14 thus provided thereon, and the electron injection
clectrode 15 was separated by the barriers 14, to obtain an
organic electroluminescent apparatus having s plurality of
organic electroluminescent devices 10 arranged thereon 1n a
matrix.

In the organic electroluminescent apparatus according to
the embodiment 1, consider a case where a voltage 1s applied
between the hole injection electrodes 12 and the electron
injection electrodes 15. In this case, when the voltage was 17
volts, green light having luminance of 1000 cd/cm” could be
emitted from each of the organic electroluminescent devices
10. Further, the organic electroluminescent devices 10 were
suitably separated from each other, so that no short also
occurred.

(Embodiment 2)

In the present embodiment 2, a plurality of columns of
transparent hole 1njection electrodes 12 each composed of
ITO were provided with required spacing on a transparent
substrate 11 composed of glass, after which poly(p-
phenylene vinylene) (PPV) was formed as an organic layer
13 using a macromolecular material. The organic layer 13
composed of PPV was formed 1n accordance with a method
described 1n a document [J. H. Burroughes, et al, Nature,
Vol. 347, pp. 539-541 (1990)].

After the organic layer 13 composed of PPV was thus
formed, a plurality of rows of barriers 14 each having an
overhang portion by increasing the size of its upper surface
14a were provided on the organic layer 13 so as to be
perpendicular to the hole injection electrodes 12, an electron
injection electrode 15 composed of an Al—IL1 alloy was
formed on the organic layer 13 having the barriers 14 thus
provided thereon by vacuum evaporation, and the electron
injection electrode 15 was separated by the barriers 14, to
obtain an organic electroluminescent apparatus having a
plurality of organic electroluminescent devices 10 arranged
thereon 1n a matrix. The organic layer 13 composed of PPV
was not dissolved 1n a solution of the above-mentioned

positive resist 14' (produced by Tokyo Ohka Kogyo K. K.:
OFPR—1000) or an etchant.

In the organic electroluminescent apparatus according to
the embodiment 2, consider a case where a voltage 1s applied
between the hole injection electrodes 12 and the electron
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injection electrodes 15. In this case, when the voltage was 15
volts, yellow green light having luminance of 100 c¢d/m~
could be emitted from each of the organic electrolumines-
cent devices 10. Further, the organic electroluminescent
devices 10 were suitably separated from each other, so that
no short also occurred.

(Embodiment 3)

In the present embodiment 3, an organic electrolumines-
cent apparatus was fabricated 1n the same manner as the
organic electroluminescent apparatus according to the
above-mentioned embodiment 1 except that 1in providing an
organic layer 13, polycarbonate was used in place of the
above-mentioned polymethyl methacrylate.

In the organic electroluminescent apparatus according to
the embodiment 3, consider a case where a voltage 1s applied
between hole 1njection electrodes 12 and electron 1njection
clectrodes 15. In this case, when the voltage was 15 volts,
green light having luminance of 1200 cd/m” could be
emitted from each of organic electroluminescent devices 10.
Further, the organic electroluminescent devices 10 were
suitably separated from each other, so that no short also
occurred.

(Embodiment 4)

Also 1n the present embodiment 4, a plurality of columns
of transparent hole 1njection electrodes 12 each composed of
I'TO were provided with required spacing on a transparent
substrate 11 composed of glass 1n the same manner as that
in the above-mentioned embodiment 1, and an organic layer
13 containing the same macromolecular material as that 1n
the embodiment 1 was provided thereon, as shown 1n FIGS.
S(A) and 5(B).

In the embodiment 4, in providing a plurality of rows of
barriers 14 on the organic layer 13 so as to be perpendicular
to the hole injection electrodes 12, negative resist 14"
produced by Nippon Zeon K. K. was used 1n place of the
above-mentioned positive resist 14' (produced by Tokyo
Ohka Kogyo K. K.: OFPR—1000), as shown in FIG. 5(C).
The negative resist 14" was exposed 1n a predetermined
pattern using a photomask 20, as shown in FIG. 5(D), in
accordance with normal photolithography 1n the negative
resist 14". Thereafter, etching was then made 1n such a
manner that a part, which has not been exposed, of the
negative resist 14" would remain, to provide a plurality of
rows of barriers 14 each having an overhang portion on its
upper surface 14a so as to be perpendicular to the hole
injection electrodes 12. Thereafter, the same steps as those
in the embodiment 1 were carried out, to fabricate an organic
clectroluminescent apparatus.

When the barriers 14 were provided using the negative
resist 14" as in the embodiment 4, 1t was possible to set the
height of the barriers 14 to 5 um. The electron 1njection
electrodes 15 could be more reliably separated from each
other by the barriers 14, so that the organic electrolumines-
cent devices 10 could be reliably separated from each other.
Theretore, the yield of the electroluminescent apparatus 1s
improved by approximately 30%.

Although 1n each of the above-mentioned embodiments,
the transparent hole 1njection electrodes composed of ITO
are provided on the transparent substrate, the transparent
hole 1nmjection electrodes composed of ITO can be also
provided on the organic layer after being separated from
cach other by barriers.

Although the present invention has been fully described
by way of examples, 1t 1s to be noted that various changes

and modification will be apparent to those skilled in the art.
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Therefore, unless otherwise such changes and modifica-
tions depart from the scope of the present invention, they
should be construed as being included therein.

What 1s claimed 1s:
1. A method of fabricating an organic electroluminescent
apparatus, comprising the steps of:

providing a first electrode 1n a predetermined pattern on a
substrate;

providing an organic layer having luminescent properties
on the first electrode;

providing a barrier having electrical insulating properties
with a predetermined pattern on the organic layer; and

providing a second eclectrode separated by the barrier
having electrical msulating properties on said organic
layer.

2. The method according to claim 1, wherein

the first electrode with a predetermined pattern and the
barrier having electrical insulating properties with a
predetermined pattern are provided so as to cross each
other.

3. The method according to claim 1, wherein

the organic layer having luminescent properties contains
a macromolecular material.
4. The method according to claim 1, wherein

the organic layer 1s formed by applying a macromolecular
material solution to the substrate having the first elec-
trode formed thereon and subjecting the solution to
annealing processing.

5. The method according to claim 4, wherein

a method of applying the macromolecular material solu-
tion to the substrate having the first electrode formed
thereon 1s spin coating or dipping.

6. The method according to claim 4, wherein

a macromolecular material solution for barrier formation
1s applied to the organic layer formed by the annealing
processing, and the solution is subjected to annealing
processing, to form a barrier having electrical msulat-
ing properties with a predetermined pattern.

7. The method according to claim 6, wherein

the macromolecular material composing said organic
layer 1s dissolved in the macromolecular material solu-
tion for barrier formation.

8. The method according to claim 1, wherein

the barrier having electrical insulating properties with a
predetermined pattern 1s provided on the organic layer
by photolithography.

9. The method according to claim 1, wherein

an electrode material 1s evaporated from above the barrier
having eclectrical insulating properties, to provide a
second electrode separated by the barrier having elec-
trical insulating properties on the organic layer.

10. The method according to claim 1, wherein

said barrier having electrical insulating properties con-
tains a macromolecular material.
11. The method according to claim 10, wherein

the macromolecular material composing said barrier 1s a
resist material.
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